Because of the relative inaccessibility of the brain, attempts to quantify in man the rate of cerebral metabolism of any particular compound are fraught with difficulties. Measurements (Garattini and Valzelli, 1965 ). It appears to be localized in fine neurones whose cell bodies arise in the mid-brain raphe nuclei and ramify both upwards to other structures, including the cortex, and downwards to the spinal cord (Anden, Dahlstrom, Fuxe, Larsson, Olson, and Ungerstedt, 1966). The function of these 5-hydroxytryptaminergic neurones is not known, but the system has been implicated in the control of sleep (Koella and Czicman, 1966; Oswald, Ashcroft, Berger, Eccleston, Evans, and Thacore, 1966) , temperature (Feldberg and Myers, 1964) , and central autonomic processes (Brodie and Shore, 1957) . Consequently, any technique which determines the turnover rate of 5HT in brain may shed some light on its role in the regulation of these functions.
The administration of tryptophan to animals increases the concentration of both 5HT and 5HIAA in brain (Ashcroft, Eccleston, and Crawford, 1965) and of 5HIAA in CSF. The change in the con-'Present address: Royal Edinburgh Hospital. centration of 5HIAA in cisternal CSF in the dog shows a very precise time relation to the changes in brain after an intravenous dose of amino acid, and it seems that the 5HIAA in CSF may be used to make an indirect determination of the concentration in brain (Eccleston, Ashcroft, Moir, ParkerRhodes, Lutz, and O'Mahoney, 1968) . In this study, tryptophan was given in man in order to determine the resultant changes in the concentration of 5HIAA in lumbar CSF and to relate this to blood and CSF tryptophan levels.
METHODS
LUMBAR PUNCTURE Patients who were investigated for neurological disease by lumbar puncture, but had neither gross brain damage nor psychiatric symptoms, were given an oral dose of L-tryptophan (50 mg/kg) in milk at various times up to 18 hours before sampling CSF. To obviate variable mixing of the CSF patients were rested in bed before lumbar puncture. The first 5 ml. of CSF withdrawn was used for the estimation of tryptophan and 5HIAA. Blood was taken for estimation of tryptophan at various times before lumbar puncture.
AIR ENCEPHALOGRAMS Patients who were to be investigated for neurological disorders by air encephalography were given L-tryptophan (50 mg/kg) four hours before the procedure. Five millilitres of fluid were withdrawn, air injected, and a further sample of CSF taken. Patients who were not given tryptophan served as controls.
CHEMICAL ESTIMATION 5HIAA in CSF was estimated by a modification of the procedure of Ashcroft and Sharman (1962) . Tryptophan was estimated by the method of Hess and Udenfriend (1959) , as modified by Guroff and Udenfriend (1962) .
RESULTS
AIR ENCEPHALOGRAPHY PROCEDURE After the injection of air in control subjects there is a significant (P < 0 01, paired t test) rise in the concentration of 5HIAA in the CSF withdrawn from the lumbar space (Table) . In the control subjects there is no difference between concentrations of tryptophan in the fluid samples withdrawn before or after air. Four hours after the dose of tryptophan there is a small, but significant (P < 0 05, paired t test) rise in the concentration of the amino acid in the CSF sample obtained after the injection of air. The administration of tryptophan four hours before the procedure does not alter either the absolute value of 5HIAA or the ratio of the concentration in the fluid after the injection of air to that before. , and hence the 5HIAA found in CSF probably has its origin in neural tissue. The gradient in the concentration of the 5HIAA which exists from the ventricles to lumbar space ) is maintained by active transport of the 5HIAA out Number of subjects indicated in parentheses.
of CSF by a mechanism resembling renal tubular secretion of organic acids (Pappenheimer, Heisey, and Jordan, 1961; Ashcroft et al., 1968) . Entry of air into the subarachnoid space during encephalography leads to mixing and displacement downwards of CSF resulting in a two-fold increase in the concentration of 5HIAA in fluid removed from the lumbar space (Table) . The corresponding con- Effect of tryptophan administration on SHIAA in cerebrospinalfluid in man centration ratio for tryptophan is unity, indicating a more uniform entry of tryptophan along the CSF space. However, after administration of tryptophan, a small but significant gradient for the amino acid develops, suggesting that the influx under these conditions is not entirely uniform, there being a greater entry at higher levels.
A rise in the concentration of tryptophan in lumbar CSF is already apparent two hours after an oral dose of the amino acid. This is in contrast with the concentration of 5HIAA which only begins to rise some four hours after tryptophan administration and is maximal at about eight hours. This time scale is in good agreement with the work of Pletscher, Bartholini, and Tissot (1967) , who found that after intravenous administration, in man, of labelled 3,4-dihydroxyphenylalanine, the precursor of dopamine, there was a slow rise in the concentration of the labelled metabolite, homovanillic acid in lumbar CSF reaching a maximum at eight hours. Entry of 5HIAA into the CSF space does not appear to be uniform, but that in the lumbar region seems to depend on the diffusion of the acid down from higher levels. The delayed increase of this metabolite in lumbar CSF would also suggest that the spinal cord does not contribute to any great extent to the 5HIAA content of lumbar fluid.
The level of 5HIAA in brain and ultimately in CSF is probably a measure of the turnover of 5HT in the 5-hydroxytryptaminergic neurones. It may not, however, give an index of their functional activity. The acidcan come from at least two sources. 5HT is released on stimulation of the nerve cell bodies of those neurones situated in the mid-brain raphe nuclei (Aghajanian, Rosecrans, and Sheard, 1967; Eccleston, Padjen, and Randic, 1969) and rapidly converted to 5HIAA. Tryptophan administration also leads to the formation of 5HT and 5HIAA in these neurones. The 5HT formed is not necessarily functionally released and some may merely overspill onto monoamine oxidase and give rise to 5HIAA within the neurone. The total output of 5HIAA from the neurone is ultimately limited by the enzyme tryptophan 5-hydroxylase, which catalyses the formation of 5-hydroxytryptophan, the immediate precursor of 5HT. Nerve stimulation appears to increase the rate of tryptophan hydroxylation probably by stimulation of the tryptophan 5-hydroxylase, thus the administration of tryptophan after stimulation leads to the production of more 5HIAA than in the absence of stimulation (Eccleston, Ritchie, and Roberts, 1970) .
In man, then, the lowered concentration of 5HIAA found in the CSF of certain cases of depression (Ashcroft and Sharman, 1960; Dencker, Malm, Roos, and Werdinius, 1966; Ashcroft, Crawford, Eccleston, Sharman, MacDougal, Stanton, and Binns, 1966) could be the result either of a lowered release of 5HT from 5-hydroxytryptaminergic neurones, or oflowered tryptophan 5-hydroxylase activity setting a lower than normal limit to the synthesis of 5HT. The results of animal experiments (Eccleston, Padjen, and Randic, unpublished observations) suggest that there is a greater production of 5HIAA as a result of tryptophan administration (the amount being limited by the quantity of tryptophan 5-hydroxylase) than by nerve stimulation. Hence a failure of tryptophan administration in patients with depression to produce rises in 5HIAA in CSF comparable with normal subjects (Ashcroft, unpublished observations) would suggest reduced activity of tryptophan 5-hydroxylase in this illness. This could, however, be the late result of reduced functional activity of 5-hydroxytryptaminergic neurones, assuming normal activity has a regulatory role in the formation of this particular enzyme.
SUMMARY
Oral administration of tryptophan produces a rise in the concentration of the amino acid in lumbar CSF. It also leads to the formation of 5HT in brain with an increase in the metabolite 5HIAA which appears in lumbar CSF after a delay that is presumably due to the time taken to diffuse down from the brain to the lumbar space.
